EP 2 418 011 A1

(1 9) Européisches

: Patentamt

European
Patent Office

Office européen
des brevets

(11) EP 2 418 011 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
15.02.2012 Bulletin 2012/07

(21) Application number: 10192222.7

(22) Date of filing: 23.11.2010

(51) IntCl:
BO01D 53/94 (2006.01) BO01J 21/00 (2006.01)
B01J 23/00 (2006-:97) B01J 23/58 (2006.01)
B01J 23/89 (2006.01) B01J 29/06 (2006.01)
FO1N 3/035 (2006.01) FO1N 3/20 (2006.01)

(84) Designated Contracting States:
AL AT BEBG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILTLULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME

(30) Priority: 11.08.2010 KR 20100077506

(71) Applicants:
« HYUNDAI MOTOR COMPANY
Seoul (KR)
¢ KIA Motors Corporation
Seoul (KR)

(72) Inventors:

¢ Nam, In-Sik
Pohang-si (KR)

¢ Park, Sang Jun
Gimhae-si (KR)

¢ Lee, Jin Ha
Seoul (KR)

* Youn, Youngkee
Seoul (KR)

(74) Representative: Viering, Jentschura & Partner
Grillparzerstrasse 14
81675 Miinchen (DE)

(54) NOx storage and reduction catalyst, preparation method, and NOx removing system

(57) A catalyst for NOx storage and reduction may
include a carrier that contains alkali metal and Al, or alkali
earth metal and Al, a NOx storage element of alkali metal,
alkali earth metal or rare earth element, and one or more
noble metals that are selected from the group consisting
of Pt, Pd, Ru, Ag, Auand Rh. The catalyst for NOx storage
and reduction shows excellent NOx storage and reduc-

tion capability, maintains excellent storage and reduction
capability especially before and after deterioration and
sulfation, and shows excellent catalytic activity under low
temperature environment, while maintaining unusually
high hydrophobicity.

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55
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Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to and the benefit of Korean Patent Application No. 10-2010-0077506 filed in
the Korean Intellectual Property Office on August 11, 2010, the entire contents of which application is incorporated herein
for all purposes by this reference.

BACKGROUND OF THE INVENTION
Field of the Invention

[0002] The present invention relates to a catalyst for NOx storage and reduction, a preparation method thereof and
a NOx removing system including the catalyst for NOx storage and reduction.

Description of the Related Art

[0003] NOxis arepresentative harmful exhaust gas that is emitted from vehicles equipped with the internal combustion
engine, and it includes nitric oxide (NO) and nitrogen dioxide (NO,). Itis known that NOx causes pulmonary emphysema,
bronchitis and the like that are respiratory diseases, and generates ozone that causes smog by photochemical reactions.
In recent years, lean-bum engines have been actively developed in order to improve the energy efficiency of the internal
combustion engine, thereby lowering CO, emissions. However, it has been widely recognized that the NOx exhaust
from the lean-bum engine is very difficult to remove using the existing three-way catalyst, because of the highly oxidizing
environment in the lean-burn engine exhaust due to excess oxygen.

[0004] In order to solve health and environmental problems caused by NOx, Europe enacted or proposed regulations
such as EURO 3, EURO 4, EURO 5 and current EURO 6. In order to lower the exhaust amount of NOx that is difficult
to remove using a known catalyst while the regulation of the vehicle exhaust gas becomes stringent, the vehicle man-
ufacturing industry has been focusing on the development of new engine technologies as well as exhaust after-treatment
technologies for cleaner tailpipe emissions.

[0005] Among these new technology developments, interests on the development of the NOx storage and reduction
catalysts in particular have been growing recently. A NOx removing technology using the NOx storage and reduction
catalyst adsorbs NOx under oxygen-rich exhaust gas condition, and reduces it into innocuous gases such as nitrogen
and carbon dioxide under hydrocarbon-rich exhaust gas condition.

[0006] The catalystfor NOx storage and reduction technology may be normally operated under the lean-bum condition,
using the existing exhaust devices without any modifications. Thus, this technology draws special attention from the
vehicle manufacturing industry, because it can meet the stringent emission

[0007] regulations such as EURO 6 without additional infrastructure installation costs.

[0008] As a representative storage-reduction catalyst, there may be a catalyst for NOx storage and reduction that
includes alumina as a carrier, Ba as a storage material, and a noble metal such as Pt as a NOx reduction catalyst. With
the development of the above catalysts, a technology of the NOx storage and reduction has been developed, but in the
case of the proposed catalyst for NOx storage and reduction, it has problems in that before and after deterioration and
sulfation, there are low storage and reduction activity.

[0009] Particularly, development of a catalyst is urgently needed, which does not deteriorate while maintaining its
excellent NOx storage and reduction capabilities under the low compression ratio environment and low temperature of
around 200°C.

[0010] Therefore, inventors of the present invention have extensively investigated a catalyst that has excellent NOx
storage and reduction activities before and after deterioration/sulfation, and improved activity, in particular, under the
low temperature environment of around 200°C, thereby accomplishing the present invention.

[0011] The information disclosed in this Background section is only for enhancement of understanding of the general
background of the invention and should not be taken as an acknowledgement or any form of suggestion that this
information forms the prior art already known to a person skilled in the art.

SUMMARY OF THE INVENTION

[0012] Various aspects of the present invention provide for a catalyst for NOx storage and reduction and a preparation
method thereof, in which the catalyst for NOx storage and reduction shows excellent NOx storage and reduction capability
before and after deterioration and sulfation, and improved activity, in particular, under low temperature environment.

[0013] Further, various aspects of the present invention provide for a NOx removing system that includes the catalyst
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for NOx storage and reduction.

[0014] One aspect of the presentinvention provides a catalyst for NOx storage and reduction and a preparation method
thereof, in which the catalyst for NOx storage and reduction shows excellent NOx storage and reduction capability before
and after deterioration and sulfation, and improved activity, in particular, under low temperature environment.

[0015] Another aspect of the present invention provides a NOx removing system that includes the catalyst for NOx
storage and reduction and removes NOx that is included in exhaust gas by using a exhaust device that is installed in a
exhaust pipe.

[0016] Hereinafter, a catalyst for NOx storage and reduction according to various aspects of the present invention, a
preparation method thereof and a NOx removing system that includes the same will be described in detail.

[0017] The catalyst for NOx storage and reduction (hereinafter, referred to as "NSR catalyst") according to various
aspects of the present invention includes a carrier having alkali metal and Al, or alkali earth metal and Al, a NOx storage
element of alkali metal, alkali earth metal or rare earth element, and one or more noble metals that are selected from
the group consisting of Pt, Pd, Ru, Ag, Au and Rh.

[0018] Inventors of the present invention have found that the NSR catalyst that includes the carriers such as alkali
metal and Al or alkali earth metal and Al has excellent NOx storage and reduction capability before and after deterioration
and sulfation, and improved activity, in particular, under low temperature environment of around 200°C as compared to
a known NSR catalyst that includes a carrier of metal oxide such as alumina or silica, thereby accomplishing the present
invention.

[0019] Indetail, FIG. 1 illustrates temperature programmed reduction (TPR) characteristic analysis data that is obtained
by comparing NOx reduction abilities of a NSR catalyst that is representatively used as the NSR catalyst and includes
Pt, Pd, or Pt and Pd (reduction catalyst)/K (NOx storage element)/alumina and the NSR catalyst that includes the carrier
containing alkali metal and Al according to various aspects of the present invention. As shown in FIG. 1, it can be seen
that an exemplary NSR catalyst according to the present invention shows excellent NOx reduction activity in a low
temperature region of around 200°C as compared to a known used NSR catalyst.

[0020] Meanwhile, in order to be used as the NSR catalyst, in addition to the reduction activity of NOx, activities such
as adsorption activity and reduction activity of NOx after the sulfation should be excellently maintained. In the case of
the known NSR catalyst, there are problems in that NOx adsorption activity and reduction activity are deteriorated by
sulfur poisoning.

[0021] However, as shown in FIG. 2, it was confirmed that an exemplary NSR catalyst according to the present
invention has a low poisoning speed by a sulfur compound as compared to the NSR catalyst that includes alumina as
the carrier. FIG. 2 will be described in more detail below, but in the condition that includes water, is shown by confirming
the sulfur compound generated while SO, is adsorbed onto the NSR catalyst that includes Li and Al as the carrier and
the known NSR catalyst that includes alumina as the carrier. That is, in the case of the NSR catalyst according to various
aspects of the present invention, it can be seen that as compared to the known NSR catalyst that includes alumina as
the carrier, the poisoning rate of the sulfur compound on the surface of the catalyst of this invention is slow.

[0022] Meanwhile, in relation to the poisoning speed of the sulfur compound, the comparison for reduction degree of
NOx adsorption amount before and after the sulfation reaction of the NSR catalyst at a low temperature is illustrated in
FIG. 3. As shown in FIG. 3, in the case of an exemplary NSR catalyst according to the present invention, while the
deterioration of the NOx adsorption ability after the sulfation is 19%, in the case of the known NSR catalyst that includes
alumina as the carrier, the deterioration of the NOx adsorption ability after the sulfation is high, 37%.

[0023] Finally, FIG 4 illustrates H,O TPD test results of an exemplary NSR catalyst according to the present invention
and the NSR catalyst that includes alumina as the carrier according to Comparative Example. From the result of FIG 4,
as described above, it can be seen that in the case of the NSR catalyst that includes alkali metal and Al as the carrier,
resistance to sulfur may be shown because of the hydrophobicity, in the case of the known NSR catalyst that includes
alumina as the carrier, hydrophilicity is shown, and resistance to sulfur is lowered.

[0024] Meanwhile, if the carrier of the NSR catalyst that shows the above excellent performance includes alkali metal
and Al, or alkali earth metal and Al, there is no limit in a configuration thereof, but in order to ensure more excellent
resistance to sulfur and excellent reduction ability at the low temperature, it may include a carrier having Li and Al, and
the carrier that includes Mg and Al.

[0025] In addition, the NOx storage element of the NSR catalyst according to various aspects of the present invention
may be used without a limit of configuration as long as it is used as the storage element of the known catalyst for NOx
storage and reduction. In detail, the NOx storage element may be one or more that is selected from the group consisting
of K, Ba, Na, Sr, Mg and Ca, but is not limited thereto.

[0026] Inaddition, the carrier of the NSR catalyst according to the present invention may be a layered double hydroxides
structure that is represented by the following Formula.
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Eq. (1) [Z-Al; (OH) ] XyH;0 (LidlrX)]

[0027] Inthe Formula, Z is Li, Na, K, Rb, Cs, Fr, Be, Mg, Ca, Sr, Ba, or Ra, X is Ct, Br, NO3-, CO2-; or SO2-,, and y
is a rational number in the range of 0.5 to 4.

[0028] In the case of when the carrier that shows the layered double hydroxides structure that is represented by the
above Formula is used, the activity of the catalyst is improved at the low temperature and excellent resistance to sulfur
is shown. Meanwhile, the catalyst according to various aspects of the present invention, may include a carrier that
includes Li and Al, K as a storage element, and Pt and Pd as the NOx reduction catalyst. In addition, in the NSR catalyst
according to the present invention, the configuration of the mass of the carrier, storage element and NOx reduction
catalyst is not limited, but in order to optimize the activity of the catalyst, the carrier may be included in the amount of
65 to 95 wt% of the catalyst entire weight, the NOx storage element may be included in the amount of 4.5 to 35 wt%,
the noble metal may be included in the amount of 0.2 to 3 wt%. More preferably, the carrier may be included in the
amount of 80 to 90 wt% of the catalyst entire weight, the NOx storage element may be included in the amount of 10 to
15 wt%, and the a noble metal may be included in the amount of 0.5 to 1.5 wt%.

[0029] In addition, other aspects of the present invention provide a preparation method of the NSR catalyst including
dissolving hydroxides of alkali metal or hydroxides of alkali earth metal, aluminum nitrates with carbonates in an aqueous
solution, after the solution is agitated, dried, and calcined, preparing a carrier that includes alkali metal and Al, or alkali
earth metal and Al, precipitating the carrier that includes the alkali metal and Al, or alkali earth metal and Al with alkali
metal, alkali earth metal or rare earth element, and one or more noble metals that are selected from the group consisting
of Pt, Pd, and Rh, and drying and calcining the precipitate.

[0030] According to the above preparation method, the catalyst for NOx storage and reduction that includes a carrier
that includes alkali metal and Al, or alkali earth metal and Al, a NOx storage element of alkali metal, alkali earth metal
or rare earth element, and one or more noble metals that are selected from the group consisting of Pt, Pd, Ru, Ag, Au
and Rh may be prepared.

[0031] In this case, the carrier that includes alkali metal and Al, or alkali earth metal and Al may be prepared by
calcining at the temperature of 500 to 800°C for 3 to 8 hours, and more preferably calcining at the temperature of 600
to 700°C for 4 to 5 hours. In addition, the carrier that is prepared as described above may prepare finally the NSR catalyst
through precipitating with alkali metal, alkali earth metal or rare earth element, and one or more noble metals that are
selected from the group consisting of Pt, Pd and Rh, and drying and calcining the precipitate.

[0032] Meanwhile, the calcining the dried precipitate may be performed by calcining it at the temperature of 400 to
600°C for 3 to 6 hours, and in order to optimize the activity of the finally formed catalyst, more preferably calcining it at
the temperature of 400 to 500°C for 4 to 5 hours.

[0033] The NSR catalyst that is prepared in the above condition, as described above, has excellent NOx reduction
ability and excellent resistance to sulfur at the low temperature condition of around 200°C.

[0034] In addition, the kind of the storage element, the kind of noble metal, the contents of the carrier, noble metal
and storage element, and Formulas in the catalyst that is prepared according to the above method are the same as
those of the NSR catalyst according to various aspects of the present invention.

[0035] Meanwhile, other aspects of the present invention provide a NOx removing system that includes other NSR
catalysts, or the NSR catalyst that is prepared according to the above preparation method. In detail, a NOx removing
system that removes NOXx that is included in exhaust gas by using a exhaust device that is installed in a exhaust pipe
includes an injector that is installed in the exhaust pipe or engine to further spray a fuel, a diesel fuel decomposition
catalyst that is installed in the exhaust pipe at a rear stage of the injector and converts fuel that is further injected into a
reducing agent that has high reactivity through thermal decomposition, a NOx removing catalyst system that is installed
in the exhaust pipe at a rear stage of the diesel fuel decomposition catalyst such that NOx included in the exhaust gas
is stored and reduces NOx through an oxidation-reduction reaction with a reducing agent that has high reactivity by
detaching NOx that is stored by fuel that is further injected and includes a kind of catalyst among the catalysts for NOx
storage and reduction, and a controller that controls further injection of the fuel according to the operation condition of
the engine.

[0036] In this case, the NOx removing catalyst system may further include a zeolite catalyst or a catalyst that includes
porous alumina carrier, NOx storage elements of alkali metal, alkali earth metal or rare earth element, and one or more
metals that are selected from the group consisting of Pt, Pd, Rh, Ir, Ru, W, Cr, Mn, Fe, Co, Cu and Zn. In this case, the
zeolite catalyst that is further included or the catalyst that includes a porous alumina carrier may be disposed to approach
the exhaust gas, and reduces a portion of NOx that is included in the exhaust gas by the oxidation-reduction reaction
with fuel that is not combusted or the hydrocarbon that is included in the exhaust gas, and transmits a portion of remaining
NOx to the NSR catalyst that includes the carrier of alkali metal and Al or alkali earth metal and Al through the diffusion.
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[0037] Meanwhile, NOx that is transmitted through the diffusion is stored in the NSR catalyst that includes the carrier
of alkali metal and Al or alkali earth metal and Al, and the stored NOx is detached and reduced, thus removed by fuel
that is further sprayed according to a predetermined cycle.

[0038] In addition, the configuration of the zeolite catalyst that may be further include is not limited as long as it is the
zeolite catalyst that is commercially used as the NOx storage and reduction catalyst, but may be a zeolite catalyst that
is ion exchanged with one or more elements that are selected from the group consisting of Cu, Pt, Mn, Fe, Co, Ni, Zn,
Au, Ce and Ga. As described above, the zeolite catalyst that is ion exchanged with the element such as Cu may be
used particularly in that hydrocarbon (HC) that is the high reactivity reducing agent that is generated by injecting it by
the secondary injection system is reacted with NOx to more advantageously adsorb HC in order to advantageously
remove NOx.

[0039] Inaddition, the NOx removing system according to various aspects of the present invention may further include
a filter for removing a particulate matter that is generated because of a lean-bum. The filter for removing the particulate
matter is commercially used, and a configuration thereof is not limited.

[0040] Meanwhile, the exhaust pipe of the NOx removing system may be a exhaust pipe of diesel engine that has the
compression ratio of 17 or less. By applying the NOx removing system to the exhaust pipe of the diesel engine, NOx
may be more efficiently removed, particularly, the reduction ability is excellent at a low temperature, and a NOx removing
ability deterioration phenomenon before and after the sulfation is relieved, such that it may be usefully applied to vehicles
and the like that are provided with the diesel engine.

[0041] According to various aspects of the presentinvention, the catalystfor NOx storage and reduction shows excellent
NOx storage and reduction abilities, excellent storage and reduction abilities before and after deterioration and sulfation,
and excellent activity, in particular, under low temperature environment.

[0042] The methods and apparatuses of the present invention have other features and advantages which will be
apparent from or are set forth in more detail in the accompanying drawings, which are incorporated herein, and the
following Detailed Description of the Invention, which together serve to explain certain principles of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] FIG. 1 illustrates temperature programmed reduction (TPR) data that is obtained by comparing the reduction
of an exemplary NOx storage-reduction catalyst according to the present invention and that of a NOx storage-reduction
catalyst in which alumina is used in the carrier of Comparative Example.

[0044] FIG 2 illustrates comparison of SO, adsorption capabilities of the exemplary catalyst (a) for NOx storage and
reduction according to the present invention and the catalyst (b) that includes alumina as the carrier according to
Comparative Example.

[0045] FIG. 3 illustrates comparison of reduction degrees of NOx adsorption amount before and after sulfation of the
exemplary catalyst (a) for NOx storage and reduction according to the present invention and the catalyst (b) that includes
alumina as the carrier according to Comparative Example.

[0046] FIG. 4 illustrates comparison of temperature programmed desorption (TPD) results for hydrophilicity and hy-
drophobicity test of the exemplary NOx storage-reduction catalyst surface according to the present invention and the
catalyst surface that includes alumina as the carrier according to Comparative Example.

DETAILED DESCRIPTION

[0047] Reference will now be made in detail to various embodiments of the present invention(s), examples of which
are illustrated in the accompanying drawings and described below. While the invention(s) will be described in conjunction
with exemplary embodiments, it will be understood that present description is not intended to limit the invention(s) to
those exemplary embodiments. On the contrary, the invention(s) is/are intended to cover not only the exemplary em-
bodiments, but also various alternatives, modifications, equivalents and other embodiments, which may be included
within the spirit and scope of the invention as defined by the appended claims.

Example: Preparation of NSR catalyst including carrier of alkali metal and Al
Example 1 (preparation of the catalyst of 1Pt/10K/Li-Al)

[0048] In order to prepare the carrier that included Li and Al, after 37.76 g of LiOH - H,O and 5.087 g of Na,COg that
were the precursors of Li and Al were dissolved in 600 ml of water, 250 ml of AI(NO3)5 - 9H,0 that was the precipitation
agent was added by the appropriate method, stirred at 75°C for 12 to 18 hours, and dried at 110°C for 10 to 15 hours,
and the catalyst was calcined at 700°C for 5 to 8 hours. In respects to the total catalyst weight, it was precipitated in the
weight ratio of potassium of 10 wt%, dried at 110°C for 10 to 15 hours, and calcined at 500°C for 5 hours, and in respects
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to the catalyst entire weight, it was impregnated with 1 wt% of Pt, thereby synthesizing it.
[0049] Meanwhile, it could be confirmed that the carrier that included Li and Al and was provided in Example 1 had
the layered double hydroxides structure through the X-ray diffraction analysis.

Example 2 (preparation of 0.5 Pt, 0.5 Pd/10K/Li-Al)

[0050] The catalyst was prepared by using the same method as Example 1, except that 0.5 w% of Pt and 0.5 w% of
Pd were used instead of 1 wt% of Pt in Example 1.

Example 3 (preparation of 1Pd/10K/Li-Al)

[0051] The catalyst was prepared by using the same method as Example 1, except that 1 w% of Pd was used instead
of 1 wt% of Pt in Example 1.

Comparative Example: Preparation of NSR catalyst with alumina as carrier
Comparative Example 1 (preparation of the catalyst of 1Pt/20K/Al,0,)

[0052] In respects to the total weight of the finally prepared catalyst, 20 wt% of K (potassium) was carried in Al,O5
that was the carrier by the wet impregnation method, and calcined at 500°C for 5 hours. In addition, in respects to the
total weight of the finally prepared catalyst, 1 wt% of Pt was carried in the calcining material that included the carrier
and K by the same method, dried at 110°C for 10 to 15 hours, and calcined at 500°C for 5 to 8 hours.

Comparative Example 2 (preparation of 0.5 Pt, 0.5 Pd/20K/Al,0,)

[0053] The catalyst was prepared by using the same method as Example 1, except that 0.5 w% of Pt and 0.5 w% of
Pd were used instead of 1 wt% of Pt in Comparative Example 1.

Comparative Example 3 (preparation of 1Pd/20K/Al,0,)

[0054] The catalyst was prepared by using the same method as Comparative Example 1, except that 1 w% of Pd was
used instead of 1 wt% of Pt in Comparative Example 1.

Experimental Example

[0055] As described above, in order to test the performances of the NSR catalysts that had the different carriers
according to Examples and Comparative Examples, the following test was performed.

1. TPR(Temperature Programmed Reduction) test

[0056] While the temperature was increased, the NOx reduction test was performed under the following condition.
First, the amount of catalyst was 100 mg, the entire flow rate was 30 cc/min, and the ratio of the reaction gas and the
reference gas that were injected to the gas chromatography (GC) for analysis was 1:1. The catalyst was pre-treated at
500°C for 1 hour with 5% Ho/Ar, and oxidized at 500°C for 1 hour with air. Under the air atmosphere, after the catalyst
was cooled at room temperature, oxygen molecules that were physically adsorbed onto the catalyst and the reactor
were removed with 5% Ho/Ar for 1 to 2 hours. Thereafter, while the temperature was increased from the room temperature
to 800°C at the rate of 10°C/min, the amount of H, that was consumed by the catalyst was measured.

[0057] The analysis resultis shown in FIG. 1. As shown in FIG. 1, in the case of the catalyst of Example that included
the carrier that included Li and Al, it was confirmed that the peak that was generated in the high temperature region of
about 640°C was caused by K (potassium) as compared to the 10%K/Li-Al catalyst. The catalyst that included Al,O5 as
the carrier generated the slightly broad peak at around 530°C, which was caused by K (potassium) as compared to the
20%K/Al,O5 catalyst result. The peak intensity of the K/Al,O5 catalysts decreased significantly if the catalyst was im-
pregnated with noble metal.

[0058] In the case of the peak in the low temperature region, it could be confirmed that there was a difference between
the Li-Al-based catalysts that included the noble metal and the Al,O3-based catalysts. The catalyst of Example 1 (1%Pt/
10%K/Li-Al) showed the relatively smooth peak at around 270°C, and the catalyst of Comparative Example 1 (1%Pt/
20%K/Al,03) showed the slightly small two peaks at around 260°C and 350°C. It was confirmed that the catalyst of
Example 2 (0.5%Pt-0.5%Pd/10%K/Li-Al) generated the H, reduction peak at around 120°C, and the catalyst of Com-
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parative Example 2 (0.5%Pt-0.5%Pd/20%K/Al,O3) generated the peak at around 165°C. Since the difference between
the temperatures at which the maximum peaks of the catalysts that had the best excellent activity generated was about
50°C, it could be seen that the difference between redox properties of the catalysts was one of the factors responsible
for the activity difference.

2. SO, adsorbability test

[0059] Under wet conditions, while SO, was adsorbed onto the catalyst according to both Example 2 and Comparative
Example 2 in order to confirm the sulfur species formed on the catalyst surface, the following test was performed.
[0060] The SOx adsorption species formed on the catalyst surface was confirmed, after the adsorption with 100 ppm
of SO,, 8% of O,, 10% of H,0O, and He balance at 200°C for 30 min.

[0061] The sulfur compound formed on the catalyst surface was measured with an in-situ FTIR (MIDAC Corporation).
The sulfur compound that was measured per hour and formed on the catalyst surface is shown in FIG. 2.

[0062] As shown in FIG. 2, in the case of two catalysts [a of FIG. 2 is the result for the catalyst of Example 2 (0.5Pt-
0.5Pd/10K/Li-Al), and b of FIG. 2 is the result for Comparative Example 2 (0.5Pt-0.5Pd/20K/AI203)], the formation of
the surface K,SO, at ca. 1,100 cm-" that was the peak by the K (potassium) on the catalyst was observed, and the bulk
K,SO, was confirmed at ca. 1,160 cm-*. In addition, surface Al,(SO3); at ca. 970 cm™! and surface Al, (SO,); at ca.
1,330 cm-1 were confirmed, and it was observed that the OH- peak was formed on the catalyst by water at ca. 1,580 cm™™.
[0063] As shown in FIG. 2, as compared to the catalyst of Comparative Example 2 that included Al,O as the carrier,
the K,SO, generation speed was slow on the catalyst of Example 2 that included the Li and Al-based carrier.

3. Analysis of NOx adsorption amount before and after sulfation

[0064] At200°C, after 100 ppm of SO, flew for 30 min to implement sulfation, the nitrogen compound that was formed
after the adsorption of NOx was measured with an FTIR (MIDAC corporation), which is shown in FIG. 3.

[0065] In detail, the adsorption of NOx was performed with 1000 ppm of NO, 8% of O,, 10% of H,0, and He balance
condition for 30 min.

[0066] Meanwhile, as shownin FIG. 3, the change of NOx adsorption species that were formed on the catalyst surface
before and after exposure to SO, was confirmed. NO was adsorbed at 200°C with 1,000 ppm of NO, 8% of O,, and
10% H,O condition for 30 min, and completely reduced with 0.5% of H,. SO, was adsorbed with 100 ppm of SO, 8%
of O, 10% of H,O condition for 30 min, and NO was readsorbed under the same condition, so that the changes of NOx
adsorption species formed on the catalyst due to SO, were compared. The measurement was performed at the interval
of1, 3,5, 7,10, 20, and 30 min, the main peak by bridged bidentate nitrite was observed at ca. 1240 cm™!, monodentate
nitrate that was caused by K (potassium) was confirmed at ca. 1330 cm-!, and the formation of the chelating bidentate
nitrate was seen at IR peak, ca. 1550 cm-!. That is, if NO adsorption processes before and after exposure to SO, for
30 min are compared, in the catalyst of Example 2 (0.5%Pt-0.5%Pd/10%K/Li-Al), it could be confirmed that the intensity
of generation peak of bridged bidentate nitrite that was the main adsorption species was lowered by 19% after exposure
to SO,.

[0067] In order to confirm the change of the NOx adsorption species before and after exposure to SO, of the catalyst
of Comparative Example 2 (0.5%Pt-0.5%Pd/20%K/Al,O3), the test was performed under the same condition as the Li-
Al-based catalyst, and the same species as NOx adsorption species were generated. In the Al,O5-based catalyst, the
peak intensity of the bridged bidentate nitrite formation due to exposure to SO, was decreased by 37% as compared to
the case no exposure to SO, (i.e., prior to SO, exposure.)

4. Hydrophilicity analysis of catalyst

[0068] The resistance to sulfur relates to the hydrophilicity of the catalyst, and OH- from H,O that is included in the
reaction gas mixture increases the oxidizability of SO,, such that the formation of K,SO, is accelerated. In this sense,
the hydrophobicity of the catalyst is very important.

[0069] Meanwhile, in order to analyze the hydrophilicity of the NSR catalyst according to Example 2 and Comparative
Example 2, the temperature programmed desorption (TPD) of H,O was performed under the following condition.
[0070] Water was bubbled with a predetermined gas partial pressure at 46°C, and the test was performed by using
Ar as the balance gas. The total flow rate of the reaction gas mixture was 100 cc/min. After 0.1 g of sample was charged
into the U-type quartz tube reactor, and pre-treated under the 5% H,/Ar condition at 500°C for 1 hour, the temperature
was decreased to 200°C, and water was adsorbed with 8% of O,, 10% of H,0, 5% of CO,, and Ar balance for 30 min.
In order to remove water that was physically adsorbed onto the catalyst and water components that remained in the
reactor, the temperature was lowered to room temperature, purging was performed with Ar for 30 min, the temperature
was increased at the rate of 10°C/min, and the amount of water that was desorbed from the catalyst was measured at
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mass number 17 and 18 by an on-line mass spectrometer.

[0071] As shown in FIG. 4, in the case of the Al,O5-based catalyst of Comparative Example 2, it could be seen that
the adsorbed H,O started to desorb at around 260°C, and all adsorbed H,0O desorbed at around 490°C. In the case of
the Li-Al-based catalyst, it could be observed that the adsorbed H,0 started to desorb at around 330°C, and all adsorbed
H,0 desorbed at around 400°C. In addition, through the comparison of area and intensity of the desorption peak, it could
be confirmed that the amount of H,O that was adsorbed on the Li-Al-based catalyst was much less than that on the
Al,O3-based catalyst. Through the confirmation of the hydrophobicity of the Li-Al-based catalyst through H,O TPD, it
could be seen that the Li-Al-based catalyst of Example 2 was less affected by OH- from water at the time of adsorbing
SO, because of the hydrophobicity of the surface thereof.

[0072] The foregoing descriptions of specific exemplary embodiments of the present invention have been presented
for purposes of illustration and description. They are not intended to be exhaustive or to limit the invention to the precise
forms disclosed, and obviously many modifications and variations are possible in light of the above teachings. The
exemplary embodiments were chosen and described in order to explain certain principles of the invention and their
practical application, to thereby enable others skilled in the art to make and utilize various exemplary embodiments of
the present invention, as well as various alternatives and modifications thereof. It is intended that the scope of the
invention be defined by the Claims appended hereto and their equivalents.

Claims
1. A catalyst for NOx storage and reduction comprising:
a carrier including alkali metal and Al, or alkali earth metal and Al;
a NOx storage element of alkali metal, alkali earth metal or rare earth element; and
one or more noble metals that are selected from the group consisting of Pt, Pd, Ru, Ag, Au and Rh.

2. The catalyst for NOx storage and reduction of claim 1, wherein:

the carrier that includes the alkali metal and Al or the alkali earth metal and Al is a carrier that includes Li and
Al or a carrier that includes Mg and Al.

3. The catalyst for NOx storage and reduction of claim 1, wherein:

the NOx storage element includes one or more storage elements that are selected from the group consisting
of K, Ba, Na, Sr, Mg and Ca.

4. The catalyst for NOx storage and reduction of claim 1, wherein:

the carrier has a structure of layered double hydroxides that is represented by the following Formula:

[Z-Al; (OH)s] X-yHy0 (Lidl-X)]

wherein, Z is Li, Na, K, Rb, Cs, Fr, Be, Mg, Ca, Sr, Ba, or Ra, X is Cl-, Br-, NO%-, CO2-; or SO, and y is a
rational number in the range of 0.5 to 4.

5. The catalyst for NOx storage and reduction of claim 1, wherein:

the content of the carrier is 65 to 95 wt% of the total catalyst weight, the content of the NOx storage element is
4.5 to 35 wt%, and the content of the noble metal is 0.2 to 3 wt%.

6. The catalyst for NOx storage and reduction of claim 1, wherein:
the carrier that includes Li and Al also includes K, Pt, and Pd.

7. A method for preparing a catalyst for NOx storage and reduction, the method comprising:
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providing a carrier of alkali metal and Al or alkali earth metal and Al;

dissolving hydroxides of alkali metal or hydroxides of alkali earth metal, aluminum nitrates in conjunction with
carbonates in an aqueous solution;

after the solution is agitated, dried, and calcined, preparing a carrier that includes alkali metal and Al, or alkali
earth metal and Al;

precipitating the carrier that includes the alkali metal and Al, or alkali earth metal and Al with alkali metal, alkali
earth metal or rare earth element, and one or more noble metals that are selected from the group consisting of
Pt, Pd Ru, Au, Ag and Rh; and

drying and calcining the precipitate.

8. The method of claim 7, wherein:

the carrier that includes alkali metal and Al or alkali earth metal and Al is calcined and prepared at a temperature
in the range of 500 to 800°C for 3 to 8 hours, the calcining of the precipitate is performed at a temperature in
the range of 400 to 600°C for 3 to 6 hours.

9. A NOxremoving system that removes NOx that is included in exhaust gas by using a exhaust device that is installed
in a exhaust pipe comprising:

an injector that is installed in the exhaust pipe or engine to spray a fuel;

a diesel fuel decomposition catalyst that is installed in the exhaust pipe at a rear stage of the injector and
converts fuel that is further injected into a reducing agent that has high reactivity through thermal decomposition;
aNOxremoving catalyst system that is installed in the exhaust pipe at a rear stage of the diesel fuel decomposition
catalyst such that NOx included in the exhaust gas is stored and reduces NOx through an oxidation-reduction
reaction with a reducing agent that has high reactivity by desorbing NOx that is stored by fuel that is further
injected and includes a kind of catalyst among the catalysts for NOx storage and reduction according to claim
1; and

a controller that controls further injection of the fuel according to the operation condition of the engine.

10. The system of claim 9, wherein:

the NOx removing catalyst system further includes a zeolite catalyst or a catalyst that includes porous alumina
carrier;

NOx storage elements of alkali metal, alkali earth metal or rare earth element; and

one or more noble metals that are selected from the group consisting of Pt, Pd, Rh, Ir, Ru, W, Cr, Mn, Fe, Co,
Cu and Zn.

11. The system of claim 10, wherein:

the zeolite catalyst is ion exchanged by one or more elements that are selected from the group consisting of
Cu, Pt, Mn, Fe, Co, Ni, Zn, Au, Ce and Ga.

12. The system of claim 9, wherein:

the exhaust pipe is an exhaust pipe of a diesel engine in which a compression ratio is 17 or less.
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FIG. 1
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FIG. 2
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